Dengue is an infectious disease of viral etiology transmitted by the mosquitoes
Dengue is an infectious disease of viral etiology transmitted from man to man by the mosquitoes Aedes aegypti, A. albopictus, and A. scutellaris (Pinheiro & Rosa 1996) . Four types of dengue virus, named serotypes 1, 2, 3, and 4, have been described. These viruses can cause two forms of clinical disease: a classical dengue fever and a hemorrhagic dengue fever (DHF) (Rigau-Pérez et al. 1998) . The classical form is a self-limited disease, representing most of the cases of dengue infection. Some few previous studies showed an association of the hemorrhagic form with human leukocyte antigens (HLA), suggesting a role of genetic factors in disease susceptibility (Chiewsilp et al. 1981 , Paradoa et al. 1987 . Nevertheless, data on HLA association with the classical form of the disease is scarce in literature (La Fleur et al. 2002) , and absent in the Brazilian population.
MATERIALS AND METHODS
Patients and controls -Sixty-four white Brazilian patients, living in the state of Paraná, Southern Brazil, were serologically typed for HLA class I and II antigens. The ethnicity of the patients was defined through inspection of facial morphological features, hair type, and skin color. Paraná's white population is of predominantly European origin (80.6%) with a small but significant contribution of African (12.5%) and Amerindian (7%) genes (Probst et al. 2000) . The group consisted of 27 males and 37 females. Mean age at the time of disease was 44.2 ± 15.38. Fortyseven of these patients were infected between January and March, 1995, during an outbreak in Maringá city, PR (Secretaria de Saúde de Maringá 1995). The other 17 patients were infected between January and July of 1999, during an outbreak in Paranavaí city, PR. The diagnostic of the disease was established clinically according to World Health Organization (WHO 1997) , and confirmed through serology (IgM Capture ELISA Kit, BioManguinhos, RJ) and/or virus culture at Paraná's Central Laboratory for Infectious Diseases. All cultures presented the serotype 1 of the virus. The control group is represented by 667 healthy individuals ethnically and geographically matched with the patients. All controls were typed for HLA-A and B. Two hundred and one controls were also typed for HLA-DR and DQ. Peripheral blood from patients and controls were collected after informed consent approved by the Institutional Ethics Committee.
HLA typing -HLA typing was performed according to the microlymphocitotoxicity method using monoclonal antiserum (Terasaki & Mc Clelland 1964) . B and T lymphocytes were isolated by Fluorobeads, and the proportion of dead cells was evaluated by cytofluorocromasia (Bodmer & Bodmer 1977) under an Alphaphot II microscope. We studied HLA class I and II specificities: 17 HLA-A, 38 HLA-B, 14 HLA-DR, and 4 HLA-DQ.
Statistical analysis -The classical chi-square statistical method, with correction of the p value by the number of independent comparisons made at the same locus, was applied to compare the frequency of HLA antigens be-tween patients and controls (Svejgaard et al. 1974) . The strength of the association was determined by the odds ratio (OR) according to Woolf's formula (Woolf 1995) .
RESULTS
The HLA antigen frequencies of patients and controls are presented in the Tables I, II, and III. Data shown in Table I revealed an increase of the frequency of the antigen HLA-DQ1 in the patient group (76.6% vs 57.7%; p = 0.005243; pc = 0.026215). The calculated OR was 2.4, indicating that HLA-DQ1 individuals present a higher chance of developing dengue than individuals not expressing this antigen. The antigen HLA-DR1 also presented an increased frequency in the patients, which was not sustained after p correction though (32.8% vs 15.9%; p = 0.005729; pc = 0.080206).
On the other hand, no association was found with any of the 55 HLA class I antigens tested (Tables II, III) .
after correction of the p value by the number of antigens tested in this locus. Nevertheless, it is important to stress that the loss of significance might be a consequence solely of the rigor of the statistical analysis, as the p values without correction for HLA-DR1 and DQ1 are very similar to each other (0.005729 vs 0.005243). A second independent study with a larger patient sample may resolve this issue.
The only other recent study on the association of HLA class II and classical dengue fever (serotypes 2 and 3) found a negative association with allele DR11 and no positive associations, in a Mexican population (La Fleur et al. 2002) . The lack of a negative association with HLA-DR11 in our study could be explained by differences in ethnicity of the populations or by the different dengue virus serotypes presented into the two patient's populations. However, La Fleur's data shows a consistent, but not significant, higher frequency of the HLA-DQ1 associated antigens DR1, DR2, and DR13 in the patient's group (2 times, 2.5 times, and 2.5 times, respectively). Unfortunately, the authors did not test for the HLA-DQ locus. In our study HLA-DR13, and the DR2 subtype DR16, but not DR15, also presented a 2 times higher frequency in the patient's group (Table I) .
Moreover, the authors reported a negative association of DHF with HLA-DR4. In our study, though not statistically significant, HLA-DR4 presented a trend to negative association, characterized by a 2 times higher frequency in the control group than in the patients group (19.9% vs 10.9%, Table I ). Negative associations are more difficult to characterize in HLA and disease association studies due to the small frequencies of most of the HLA antigens in the control group. Characterization of further smaller frequencies in the patients' sample requires very large sample size. 
DISCUSSION
The well established risk factors for dengue virus infection are related to reinfestation of a region with A. aegypti or the introduction of a new virus serotype into the population (Rigau-Peréz et al. 1998 ). Warm and humid climate, population density, and housing aspects also influence disease outbreaks. Nevertheless, little information is available on the influence of genetic factors for dengue infection susceptibility (Loke et al. 2002) .
In this study, we found a higher frequency of the antigen HLA-DQ1 among classical dengue fever patients, as compared with controls, in a white Brazilian population of the South region of the country. The association with the antigen HLA-DR1 did not sustain statistical significance Flaviviruses, including dengue virus, increase the expression of HLA class I and II molecules on infected cells, and the level of the immune response generated against virus peptides presented by HLA molecules may be responsible for the immunopathology of dengue virus infection (King & Kesson 2003) . Dengue virus-specific CD4 lymphocytes may contribute to immunopathology by lysing virus-infected monocytes, the primary site of virus replication (Kurane et al. 1990 ). Although HLA class I restricted CD8+ cytololitic lymphocytes are the major cells responsible for clearing virus infected cells, CD4+ dengue specific, HLA class II restricted T cell clones with cytolitic activity have been raised from individuals infected or vaccinated with dengue virus (Kurane et al. 1989 , 1995 , Green et al. 1993 , Livingston et al. 1994 . In that case, the HLA-DQ1 and/or DR1 associations observed could be explained by its higher efficacy in presenting virus 1 dengue epitopes to CD4 cells. HLA-DQ2 sub-types have been associated with the magnitude of Celiac Disease due to its higher efficacy in presenting gluten peptides (Vader et al. 2003) .
Alternatively, dengue symptoms may be a consequence of the inability of the immune system to control extended virus replication. In that case, HLA DQ1 could work as a suppressor of the immune response to dengue virus, as suggested by Nishimuras' work (1991) on the role of HLA-DQ in immunity. HLA-DQ1 could also be just a marker for variants of interleukin genes (i, e., tumor necrosis factor alpha) linked to the MHC, as discussed by Makela et al. (2002) with hantavirus infection; or some other HLA linked gene that has the potential to influence the disease outcome.
We found no association of classical dengue fever with HLA class I antigens. HLA class I association had been reported only for DHF or secondary dengue fever infection. Loke et al. (2001) showed positive and negative associations with HLA-A24 and HLA-A33, respectively, in a sample of Vietnamese DHF patients infected with type 2 dengue virus. Positive and negative associations of HLA-A2 and HLA-B13 with DHF have been reported in Thai children infected with various dengue virus serotypes (Chiewsilp et al. 1981 ). An extended study performed in this population reported associations of class I HLA antigens with DHF (A2, B51) and with secondary dengue fever infections (A0203, B52), but no association with immunologically naive patients with primary infections (Stephens et al. 2002) . Our patient sample comprises only virus 1 primary dengue infection. Whether primary dengue infections are not associated with HLA class I antigens is a matter of debate, which can only be settle through further studies in different populations.
In conclusion, data presented in this work suggest the hypothesis of genetic predisposition for Classical Dengue Fever in a white Southern Brazilian population. Further independent studies should be performed in the Brazilian population to confirm this preliminary data. 
